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Using the predictive power of the effective field theory approach, we present a physical
parametrization of the leading effects beyond the SM (BSM), that give us at present the best way to
constrain heavy new-physics at low-energies. We show that other BSM effects are not independent
from these ones, and we provide the explicit correlations. This information is useful to know where
to primarily look for new physics in future experiments, and to know how this new physics is related
to previous measurements, most importantly in electroweak-symmetry breaking processes or Higgs
physics.
The absence at the LHC of new physics beyond the
SM (BSM) suggests that the characteristic scale of
new-physics Λ must be heavier than the electroweak
(EW) scale. Assuming this, one can obtain an SM
effective-theory as an expansion in SM fields and
derivatives over Λ: Leff = L4 + L6 + · · · , where L4
is made of dimension-4 operators and defines what
we call the SM Lagrangian, while L6, that contains
dimension-6 operators, gives the leading BSM ef-
fects.1 While the predictions from L4 have been fully
addressed and tested experimentally, it becomes now
crucial to understand what are the complete predic-
tions from L6.
This is the main goal of this article. Our approach
however will differ from the usual one, in which one
starts with the set of independent operators in L6
[1, 2], and relates their Wilson coefficients to observ-
ables [3, 4]. We will follow here a bottom-up ap-
proach, our starting point being all possible new in-
teractions among SM fields that can be induced by
BSM physics. Not all these interactions can be ob-
tained from L6 and, of the possible ones, not all of
them are independent. Our purpose is to find the set
of independent new-interactions that can arise from
L6 and are, at present, the experimentally best tested
ones. This set of physical quantities, that give us the
best way to constrain new physics, will be called BSM
primary effects. For electroweak processes these are,
in some sense, a generalization of the well-known S
and T parameters [5].
Our main result will be to show which new-physics
effects are not independent and are instead correlated
1 Assuming lepton and baryon number conservation.
with the BSM primaries (see also Ref. [6]). This in-
formation can be useful to understand where to pri-
oritize new physics searches. Furthermore, in the fu-
ture, if a deviation from the SM is measured, the
correlations that we present will tell us where other
BSM effects have to be found.
We start with the CP-conserving BSM-effects. It
is useful to parametrize these effects as hˆ-dependent
interactions, where hˆ is the neutral component of the
Higgs-field:
hˆ ≡ v + h(x) , (1)
where v ' 246 GeV is the Higgs vacuum expecta-
tion value (VEV) and h the Higgs excitation. We
first consider those effects which affect interactions
involving only h, that arise from dimension-6 oper-
ators generated by multiplying operators in L4 by
|H|2/Λ2 (H being the Higgs doublet). In the unitary
gauge, that will be used henceforth, these effects can
be captured by promoting the SM parameters, that
we take to be e, sθW , gs, Yf , λh, and the Higgs kinetic-
term Zh,
2 to hˆ-dependent functions:
e(hˆ), sθW (hˆ), gs(hˆ), Yf (hˆ), λh(hˆ), Zh(hˆ) . (2)
These functions can be expanded in powers of hˆ2/Λ2,
e.g. e(hˆ) = e + δe hˆ2/v2 + · · · , where (here and in
what follows) we absorb powers of v2/Λ2 in the ex-
pansion coefficients. In the vacuum hˆ = v, Eq. (2)
only implies a redefinition of the SM parameters with
no impact on physical processes, i.e., these effects
2 The effect of |H|2/Λ2 multiplying the SM fermion kinetic-
terms is redundant as can be eliminated by a redefinition of
the SM fermions.
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2can only be probed in Higgs physics. To understand
the effects from e(hˆ), sθW (hˆ), gs(hˆ), it is convenient
to write the SM gauge-interactions in a non-canonical
way, since this is suitable to accommodate space-time
dependent couplings while keeping gauge-invariance
manifest. For the EW sector this is given by
LEW = − 1
4e2(hˆ)
(
Aµν + s
2
θW (hˆ)Zµν
)2
− c
2
θW
(hˆ)
4g2(hˆ)
Z2µν
− 1
2g2(hˆ)
W+µνW
−µν +
hˆ2
4
[
W+µ W
−µ +
1
2
ZµZµ
]
+AµJ
µ
em + ZµJ
µ
3 +W
+
µ J
µ
+ +W
−
µ J
µ
− , (3)
where g(hˆ) ≡ e(hˆ)/sθW (hˆ), and we have defined
Jµ± ≡ (Jµ1 ± iJµ2 )/
√
2, Jµem ≡ Jµ3 + JµY , Zµν ≡ Zˆµν −
iW+[µW
−
ν] , Aµν ≡ Aˆµν , W±µν ≡ Wˆ±µν ± iW±[µ(A + Z)ν]
with Vˆµν ≡ ∂µVν − ∂νVµ, and Jµa (a=1, 2, 3) and JµY
being respectively the SU(2)L and U(1)Y currents.
In the vacuum hˆ = v, Eq. (3) gives the SM EW-
interactions after substituting Aµ → Aµ − s2θW (v)Zµ
and canonically normalizing the gauge-boson fields.
The two independent deviations w.r.t. the SM,
parametrized by e(hˆ) and sθW (hˆ), can be projected
orthogonally into two different physical processes,
that we choose to be h → γγ and h → Zγ for
the accuracy to which they are experimentally con-
strained. Indeed, a hγγ coupling can arise from the
hˆ-dependence of e with constant sθW :
e(hˆ) = e(1 + κγγ
hˆ2
v2
) , sθW (hˆ) = sθW , (4)
that plugged into Eq. (3) gives, in the canonical basis,
the BSM-terms:
∆Lhγγ = κγγ
(
h
v
+
h2
2v2
)[
AµνA
µν
+ZµνZ
µν + 2W+µνW
−µν
]
, (5)
where now and henceforth Zµν ≡ Zˆµν −
igcθWW
+
[µW
−
ν] , Aµν ≡ Aˆµν − igsθWW+[µW−ν] and
W±µν ≡ Wˆ±µν±igW±[µ(sθWA+cθWZ)ν]. The first term
of Eq. (5) contains a hγγ coupling and corresponds to
our first BSM primary effect: it defines the best ob-
servable that can be used to bound all terms in ∆Lhγγ .
Indeed, from the experimental value of h → γγ [7]
we obtain bounds on κγγ at the per-mille level [4].
On the other hand, we can take, orthogonally to
Eq. (4), the direction
e(hˆ) = e , s2θW (hˆ) = s
2
θW (1− κZγ
hˆ2
v2
) , (6)
that in Eq. (3) gives the BSM-induced interactions
∆LhZγ = κZγ
(
h
v
+
h2
2v2
)[
tθWAµνZ
µν
+
c2θW
2c2θW
ZµνZ
µν +W+µνW
−µν
]
. (7)
The first term of Eq. (7) defines another BSM pri-
mary effect: its contribution to the hZγ coupling,
that is constrained by h → Zγ searches. Simi-
larly, taking the SU(3)c coupling gs(hˆ) = gs(1 +
κGGhˆ
2/v2), one obtains
∆LhGG = κGG
(
h
v
+
h2
2v2
)
GAµνG
Aµν , (8)
whose first term modifies the hGG coupling mea-
sured in GG → h [7], that leads also to a per-mille
bound on κGG [4]. Also, from Yf (hˆ) and λh(hˆ), we
obtain
∆Lhff = δghff
(
hf¯LfR + h.c.
)(
1 +
3h
2v
+
h2
2v2
)
,
∆L3h = δg3h h3
(
1 +
3h
2v
+
3h2
4v2
+
h3
8v3
)
, (9)
with δghff = − v√2∂hYf (hˆ) and δg3h = −v2∂hλh(hˆ),
whose BSM primary effects are respectively the con-
tributions to the hff and h3 interactions. Finally,
from Zh(hˆ) we obtain, by going to the canonical ba-
sis, the BSM-effect
∆LhV V = δghV V
[
h
(
W+µW−µ +
ZµZµ
2c2θW
)
+ ∆h
]
,
(10)
where
∆h =
(
W+µW−µ +
ZµZµ
2c2θW
)(2h2
v
+
4h3
3v2
+
h4
3v3
)
+
m2h
12m2W
(
h4
v
+
3h5
4v2
+
h6
8v3
)
+
mf
4m2W
(
h2
v
+
h3
3v2
)(
f¯LfR + h.c.
)
, (11)
δghV V = m
2
W∂hZh(hˆ) and we have redefined δg3h →
δg3h − m2h/(4m2W )δghV V in Eq. (9) to eliminate a
contribution to the h3 coupling from Zh(hˆ). The
3first term of Eq. (10) gives a contribution to the
custodial-preserving coupling hV V (V = Z,W ) and
determines another BSM primary effect. This cou-
pling can be measured, for example, in WW → h.
It is important at this point to stress that, by
construction, the different ∆Li are orthogonally pro-
jected into different BSM primary effects, and none
of the terms in a given ∆Li contributes to other BSM
primaries that is not its own (e.g., no term in ∆Lhγγ
contributes to the hZγ, hGG, hff , h3 or hV V cou-
pling). The additional terms in each ∆Li, beyond
the BSM primary effect, tell us what physical pro-
cesses are not independent and are instead correlated
with the BSM primaries. This can be useful if a de-
parture from the SM predictions is observed: for ex-
ample, if only a deviation in h → γγ is measured,
Eq. (5) tells us that there must also be departures in
h → ZZ/WW . Alternatively, if no deviations from
the SM are found in the BSM primary effects, these
relations can be used to put constraints on the size
of the other terms in ∆Li.
Having presented all possible interactions achieved
by an hˆ-dependent shift in the SM parameters, we
study next the set of possible (CP-conserving) BSM
contributions that can lead to departures from gauge-
coupling universality. How many effects of this type
can we have? Since EM and SU(3)c must be unbro-
ken, only the W and Z couplings can receive devi-
ations from the SM. Assuming for simplicity family
universality we have, in principle, 9 gauge-boson cou-
plings to fermions (the Z couplings to eL,R, νL, uL,R,
dL,R and the W couplings to eLνL and uLdL), the Z
coupling to hˆ, 3 and triple-gauge (TGC) and quartic-
gauge (QGC) self-couplings. We must however keep
in mind that not all deviations in these couplings are
independent from each other, since a linear combi-
nation of all these corresponds to the universal shift
of Eq. (6).
Let us first look at the 10 gauge-boson couplings
to fermions and to the Higgs-field hˆ. In the gauge
eigenstate basis, corrections to these couplings arise
3 We do not independently count the W coupling to hˆ, since
this is equivalent to considering the custodial-preserving
combination hˆ2(WµWµ + ZµZµ/2c2θW
) that has already
been accounted for in Eq. (10).
from the hˆ-dependent interactions
hˆ2V aµ J
µa
f , hˆ
2ηaV aµ J
µ
L f , hˆ
2ηaV aµ J
µ
Rf , (12)
hˆ4ηaηbV aµ V
µ b , hˆ4ηaηbV aµ J
µ b
L f , (13)
where V aµ ≡ W aµ − tθW δa3Bµ (to preserve EM) and,
to make the global SU(2)L properties manifest, we
have separated the interactions in which the Higgs
enters as a singlet, hˆ2, or as a triplet,
hˆ2ηa ∈ H†σaH , with ηa ≡ (0, 0, 1) . (14)
The lepton currents are Jµaf = L¯Lσ
aγµLL, J
µ
L f =
L¯Lγ
µLL and J
µ
Rf = e¯Rγ
µeR, and similarly for
quarks. All terms of Eq. (12) can arise from L6 built
as products of fermion currents and Higgs currents,
these latter being, in the unitary gauge,
iH†
↔
DµH = −g hˆ
2
2
ηaV aµ , iH
†σa
↔
DµH = g
hˆ2
2
V aµ .
(15)
Similarly, the first term of Eq. (13) can arise from
a dimension-6 operator built by squaring the first
Higgs current of Eq. (15). On the other hand, the
second term in Eq. (13), containing four Higgs, can
only arise from a dimension-8 operator and can then
be neglected. This has the implication that, at the
leading order (L6), BSM-effects in the W couplings
are not independent from those in the Z couplings.
There are many ways to connect the BSM-effects
of Eq. (12) to experiments. Since the best con-
straints on V ff vertices come from measurement of
the couplings at the Z-pole by LEP, it is convenient
to parametrize the effects of Eq. (12) as modifications
of the Z couplings to fermions:
∆LVee = δgZeR
hˆ2
v2
Zµe¯RγµeR (16)
+ δgZeL
hˆ2
v2
[
Zµe¯LγµeL − cθW√
2
(W+µν¯LγµeL + h.c.)
]
+ δgZνL
hˆ2
v2
[
Zµν¯LγµνL +
cθW√
2
(W+µν¯LγµeL + h.c.)
]
,
for leptons, and similarly for quarks:
∆LVqq = δgZuR
hˆ2
v2
Zµu¯RγµuR + δg
Z
dR
hˆ2
v2
Zµd¯RγµdR
+ δgZdL
hˆ2
v2
[
Zµd¯LγµdL − cθW√
2
(W+µu¯LγµdL + h.c.)
]
+ δgZuL
hˆ2
v2
[
Zµu¯LγµuL +
cθW√
2
(W+µu¯LγµdL + h.c.)
]
.
(17)
4Notice that, as discussed above, modifications to the
W couplings are explicitly related to modifications
to the Z couplings.
It remains to consider the independent effect of the
first term of Eq. (13). We consider it in the follow-
ing linear combination (that includes also terms of
Eq. (12)):
− δgZ1 c2θW
hˆ2
v2
[
g2hˆ2
2
(
W+µ W
−µ +
c2θW
2c4θW
ZµZ
µ
)
+ g(W−µ J
µ
− + h.c.) +
gc2θW
c3θW
ZµJ
µ
Z + 2etθWZµJ
µ
em
]
,
(18)
where JµZ = J
µ
3 −s2θW Jµem. Why this particular com-
bination? This is obtained by performing the EM-
preserving shift s2θW → s2θW (1 + 2δgZ1 c2θW hˆ2/v2)
(keeping e constant), only in the SM gauge-couplings
of the fermions and hˆ. In the vacuum hˆ = v, the ef-
fects in Eq. (18) can only be probed as a relative
difference of sθW as measured in the fermion and
hˆ sector (V ff couplings and gauge-boson masses),
with respect to the value as measured in interactions
involving gauge bosons only. Therefore it requires
the knowledge of TGC/QGC. Indeed, by field redef-
initions, the non-Higgs physics part of Eq. (18) can
be rewritten as a contribution to the VWW cou-
pling (gV ) and V V ′WW coupling (gV V
′
) only. This
explicitly gives
δgZ1 =
δgZ
gZSM
=
δgWW
2c2θW g
WW
SM
=
δgZZ
2gZZSM
=
δgγZ
gγZSM
. (19)
where δgZ1 has been chosen to match the TGC def-
inition of Ref. [8]. Eq. (18) gives however also a
contribution to the custodial-preserving hV V cou-
pling that defines one of our BSM primaries, δghV V .
To eliminate this, we redefine δghV V → δghV V +
g2vδgZ1 c
2
θW
in Eq. (10), that gives an extra contri-
bution proportional δgZ1 to be added to Eq. (18).
The final result is
∆LgZ1 =δg
Z
1
[
igcθW
(
Zµ(W+νW−µν−h.c.)+ZµνW+µ W−ν
)
−2gc2θW
h
v
(
W−µ J
µ
−+h.c.+
c2θW
c3θW
ZµJ
µ
Z+
2s2θW
cθW
ZµJ
µ
em
)
×
(
1 +
h
2v
)
+
e2v
2c2θW
hZµZ
µ + g2c2θW v∆h (20)
−g2c2θW
(
W+µ W
−µ +
c2θW
2c4θW
ZµZ
µ
)(5h2
2
+
2h3
v
+
h4
2v2
)]
.
The interesting property of our parametrization
Eqs. (16,17,20) is the following. Since BSM-effects
to SM propagators can always be eliminated through
the equations of motion (EOM), there is a one to
one correspondence between each of the δgZf of
Eqs. (16,17) and the corresponding Γ(Z → ff)
partial-width measured at LEP1 [9].4 Therefore all
the 7 parameters δgZf can be bounded at the per-
mille level by Z decay-widths and asymmetries at
LEP1,5 using αem, mW and mZ as the SM input pa-
rameters. This latter choice makes the phenomeno-
logical analysis particularly transparent, since these
input parameters receive no corrections from BSM-
effects.6 On the other hand, δgZ1 is constrained
by TGC measurements at LEP2 [10] and LHC. Al-
though a global analysis on the L6 contributions to
TGC, using all existing data, does not exist yet, we
expect that bounds on δgZ1 can reach at present the
per-cent level [11, 12]. Eq. (20) gives also contribu-
tions to Higgs physics, such as a custodial-breaking
hV V coupling or new effects to h→ V f¯f that could
be also used to constrain δgZ1 . We believe however
that when rigorous analyses of both TGC and Higgs
physics (on the lines of Ref. [13]) will be available,
TGC constraints will always outdo Higgs physics
ones [12], so that our parametrization will remain
the most convenient.
At this point the reader might be surprised by
the unorthodox choice of abandoning the tradi-
tional parametrization of BSM-effects that includes
the S and T -parameters [5], in favor of a de-
scription in terms of vertex corrections as given in
Eqs. (16,17). As already explained, we consider the
latter more suited to compare with the experimental
data. Nevertheless, if desired, two of the parameters
of Eqs. (16,17), e.g., δgZeL and δg
Z
νL [4], can always
4 This is true in the limit in which mf is neglected, so that
interference with dipole-type BSM contributions vanishes.
5 These measurements can also be combined with the mea-
surement of the Wud coupling as extracted from K and
β-decays in combination with information on 4-fermion in-
teractions from the LHC [4].
6 Four-fermion interactions in L6 (which have no direct rela-
tion with Higgs physics and can therefore be studied sepa-
rately) affect the value of GF as extracted through the mea-
surement of µ-decay. For this reason the traditional choice
of using GF to fix one input parameter is less convenient
than the one we propose here.
5be traded with
∆LSˆ = Sˆ
gs2θW
c3θW
hˆ2
v2
Zµ
[
JµZ − c2θW Jµem +
g
cθW
hˆ2
4
Zµ
]
,
∆LT = − Tˆ
2
hˆ4
v4
m2ZZ
µZµ . (21)
It is clear that Eqs. (21) can arise from linear
combinations of terms in Eq. (12) and Eq. (13),
and therefore gives a different parametrization from
Eqs. (16,17). To see that indeed Sˆ is the S-parameter
(we use the S, T normalization of Ref. [14]), one must
realize that the terms in brackets in ∆LSˆ are pro-
portional to JµY , and therefore (by the EOM) can be
written as ∆LSˆ = −Sˆ(sθW /c2θW )(hˆ2/v2)Zµ∂νBµν .
After partial integration, this gives
∆LSˆ =−
Sˆ
2
[
tθW
hˆ2
v2
BµνWˆ
µν
3 − t2θW
hˆ2
v2
BµνB
µν
−2 ∂ν hˆ
2
v2
Bµν(tθWW
µ
3 − t2θWBµ)
]
. (22)
For hˆ = v, the first term coincides with the Sˆ param-
eter [14], while the second term merely represents a
redefinition of the SM parameter g′, and the last one
∝ ∂ν hˆ2 vanishes.
Apart from Eq. (12), there can also be BSM-
induced interactions between fermion and gauge-
bosons of a different type than those in the SM. These
include couplings of W to right-handed quarks and
dipole-type interactions, that we parametrize as
∆LWR = δgWR
hˆ2
v2
W+µ u¯Rγ
µdR + h.c. , (23)
∆LVdipole =
eYqhˆ
m2W
[
δκGq
gs
e
q¯LT
AσµνqRG
A
µν
+ δκAq (T3q¯Lσ
µνqRAµν +
sθW√
2
u¯Lσ
µνdRW
+
µν)
+ δκZq (T3q¯Lσ
µνqRZµν +
cθW√
2
u¯Lσ
µνdRW
+
µν) + h.c.
]
,
for quarks q = u, d, where the coefficients are as-
sumed to be real and T3 denotes weak isospin (and
similarly for leptons). Note that the dipole interac-
tions with W are not independent from those of A
and Z, as the term that splits these dipole interac-
tions, hˆ2ηaW
a
µν hˆq¯Lσ
µνqR, arises at dimension-8.
Let us now move to TGC and QGC. At O(p4) there
are 4 possible CP-conserving TGC couplings and 5
QGC [15], but not all can arise from L6. We al-
ready encountered one with the same Lorentz struc-
ture as in the SM: ∆LgZ1 that led to Eq. (19). Other
contributions could in principle arise from L6 oper-
ators containing covariant derivatives and/or field-
strengths. However, by integration by parts and us-
ing the EOM, one can reduce them to dimension-6
operators with only field-strengths [2].7 The only
operators at O(p4), made of field-strengths and con-
tributing to EWSB, are
hˆ2ηaW aµνB
µν , hˆ4ηaηbW aµνW
b µν . (24)
The second one involves four Higgs and cannot arise
from dimension-6 operators, while the first one gives
hˆ2ηaW aµνB
µν = (25)
hˆ2
[
Wˆ 3µνB
µν + 2igcθWW
−
µ W
+
ν (A
µν − tθWZµν)
]
.
The second term clearly contains a new dipole-type
TGC for the W , that can be identified with δκγ of
Ref. [8]. Since Eq. (25) also contains contributions
to other BSM primaries (such as Sˆ and h→ γγ, Zγ),
we must arrange a linear combination that does not
project into them. From the relation
tθW
hˆ2
2v2
W 3µνB
µν =− ∆LSˆ
Sˆ
+ s2θW
∆Lhγγ
κγγ
+ c2θW
∆LhZγ
κZγ
− ∆Lκγ
δκγ
, (26)
we have that
∆Lκγ =
δκγ
v2
[
iehˆ2(Aµν − tθWZµν)W+µW−ν (27)
+ Zν∂µhˆ
2(tθWA
µν − t2θWZµν) +
(hˆ2 − v2)
2
×
(
tθWZµνA
µν +
c2θW
2c2θW
ZµνZ
µν +W+µνW
−µν
)]
,
gives us the combination that we were looking for:
it projects into a new BSM primary effect, the TGC
δκγ [8], but not into previous ones.
The list of the hˆ-dependent interactions presented
so far is in principle not complete. We could also
have dimension-6 interaction terms of the following
type: (∂µhˆ)
2V νVν , ∂µhˆV
µVνV
ν , (∂µhˆ)Vν f¯Lσ
µνfR
7 Dimension-6 operators with Higgs and derivatives can al-
ways be written, using integration by parts, as operators of
the type H†DµHDνFµν and H†DµDνHFµν . The former
reduces to Eq. (12) and Eq. (13) by the gauge-boson EOM,
while the latter can, by means of [Dµ, Dν ] = Fµν , be writ-
ten as an operator made of field-strengths only. Operators
built with Eq. (15) contributing to TGC/QGC are always
of dimension larger than six.
6and hˆVµV
µf¯LfR (other ones can be reduced to previ-
ous ones by redefinitions or partial integration). Nev-
ertheless, it is easy to check that none of these terms
can arise from operators in L6 independent from the
ones introduced before.
The list of CP-even independent effects is com-
pleted by 4-fermion interactions ∆L4f and O(p6) in-
teractions, both of which cannot contain the Higgs-
field hˆ if they arise from dimension-6 operators (they
preserve the SM symmetries). The relation of 4-
fermion interactions with experiments is straight-
forward and they do not interfere with the observ-
ables determining our previous BSM primaries (see
footnote 6). The complete list can be found in
Ref. [2]. On the other hand, we have two O(p6) inter-
actions, abcW
a ν
µ W
b
νρW
c ρµ and ABCG
Aν
µ G
B
νρG
C ρµ,
since terms with only two gauge field-strengths can
be eliminated by EOM. In the physical basis these
are given by
∆Lλγ =
iλγ
m2W
[
(eAµν + gcθWZ
µν)W−ρν W
+
ρµ
]
,
∆L3G = κ3G
m2W
gsABCG
Aν
µ G
B
νρG
C ρµ . (28)
The former projects onto the TGC observable λγ de-
fined in Ref. [8] and can interfere with the extraction
of δgZ1 and δκγ from ff →WW [11].
For completeness, we also briefly comment on CP-
violating interactions ∆LCPV, beyond those in ∆L4f :
these can easily be obtained from the CP-even ones
of Eq. (9) and Eq. (23) by δghff → iδg˜hff , δgWR →
iδg˜WR , δκ
V
q → iδκ˜Vq , and by substituting one of the
field strengths with its dual (Vµν → V˜µν) in each
term of Eqs. (5), (7), (8), (27) and (28).
Having written the BSM effects as interaction-
terms allows us an easy estimate of their coefficients.
The BSM primaries δgi (as well as 4-fermion inter-
actions) are expected to scale as [16]
δghff
Yf
∼ δg3h
λhv
∼ δg
h
V V
gmW
∼ δg
Z,W
f,R
g
∼ δgZ1 ∼
g2∗v
2
Λ2
,
(29)
where g∗ denotes a generic BSM coupling. Our op-
erator expansion makes sense if g2∗v
2/Λ2  1. On
the other hand, the BSM primaries δκi and λγ , as-
sociated to interactions carrying extra derivatives or
gauge-fields, are expected to scale as g2v2/Λ2, where
g is the corresponding SM gauge-coupling. This
means that for strongly coupled theories in which
g∗ ∼ 4pi, the BSM primaries δgi are potentially more
important. Also in renormalizable weakly-coupled
theories δκi and λγ are suppressed by at least a one-
loop factor [16]. In the particular case of TGC/QGC,
we have that δgZ1 could potentially give the most
sizeable effects, having an important impact on high-
energy processes if g∗ is large [17].
In summary, the Lagrangian up to dimension-6 op-
erators can be written as L = LSM + ∆LBSM with
∆LBSM = ∆Lhγγ + ∆LhZγ + ∆LhGG + ∆Lhff + ∆L3h
+ ∆LhV V + ∆LVee + ∆LVqq + ∆LWR + ∆LVdipole
+ ∆LgZ1 + ∆Lκγ + ∆Lλγ + ∆L3G + ∆L4f + ∆LCPV .
(30)
The first term of each ∆Li gives a BSM primary ef-
fect which sets, at present or in the near future, the
most compelling constraint on the coefficient of ∆Li.
Notice that ∆LBSM only includes interaction terms,
as BSM contributions to propagators have been elim-
inated through the EOM, making the connection be-
tween BSM primaries and observables particularly
transparent. The main predictions from Eq. (30) are:
the Wff and Zff vertices are related (Eqs. (16,17));
the W dipole-type interaction for the fermions are re-
lated to those of A and Z (Eq. (23)); there are only 3
types of CP-conserving TGC, characterized by δgZ1 ,
δκγ and λγ [8], while QGC are related to them by
Eqs. (19,28); there are only 8 Higgs BSM primary
effects (for one family) [16] while all other Higgs in-
teractions (e.g. effects to h → V ff or custodial-
breaking hV V couplings) are related to BSM pri-
maries [4, 17].
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